Background Despite guideline recommendations, there are no published randomised controlled trial data on the efficacy of antibiotics for chronic wet cough in children.
INTRODUCTION
Chronic cough, a common symptom presenting to general practitioners and paediatricians alike, causes a substantial amount of burden. 1 Protracted bacterial bronchitis (PBB) has recently been recognised as a common cause of chronic cough in children. 2 3 PBB is defined as the presence of isolated chronic wet cough, resolution of cough with appropriate antibiotics and absence of an alternative cause for specific cough. 4 5 We have shown previously that children with PBB have airway neutrophilia and an associated endobronchial infection. 2 The importance of PBB has been further highlighted by speculation that PBB may be a precursor to chronic suppurative lung disease if left untreated.
Since it was first described, PBB has been incorporated into paediatric cough guidelines in America, Britain and Australia. 5 7 8 Current guidelines recommend antibiotic therapy for children with PBB. Presently this therapeutic advice is based on a Cochrane review, 5 9 prospective 2 and retrospective 4 observational studies. Our Cochrane review of antibiotic treatment for moist cough in children showed, with the limited data available, that antibiotics were effective with one clinical cure for every three children treated (95% CI 2 to 4). 9 However this review was based on two small studies of children with cough of >10 days' duration which is not the current definition of chronic cough (>4 weeks). 5 Further, neither study 10 11 used validated outcome measures of cough, as none were available then. As parental reporting of cough in children is subject to bias, placebo randomised controlled trials (RCTs) and the use of validated cough outcome measures are paramount. 12 To address the need for a well designed placebocontrolled RCT that addresses chronic wet cough and antibiotic treatment, 13 14 we conducted a unicentre parallel study in Brisbane. Here we present our double-blind RCT aimed to assess the efficacy of 2 weeks of oral amoxycillin clavulanate (compared with placebo) in achieving cough resolution in children with chronic wet cough.
Key messages
What is the key question?
< Is amoxycillin clavulanate effective in the treatment of children with chronic wet cough?
What is the bottom line?
< Compared with placebo, children with chronic wet cough who received a 2-week course of amoxycillin clavulanate were significantly more likely to achieve cough resolution at the end of 2 weeks.
Why read on?
< This study provides the first high-level evidence for the inclusion of antibiotics in paediatric cough-specific guidelines as treatment for protracted bacterial bronchitis, a common cause of chronic cough in children.
METHODOLOGY Design
A parallel double-blind RCT of children with chronic wet cough.
Subjects

Entry criteria
Children (aged 6 months to <18 years) newly referred to the respiratory practice at the Royal Children's Hospital, Brisbane (between January 2004 and December 2006) for chronic (>3 weeks) cough and with doctor-observed moist/wet cough. 15 16 Exclusion criteria
Presence of gross neurodevelopmental delay (because of increased risk of aspiration), cystic fibrosis, ex-premature (<37 weeks gestation) infants, chronic disease including interstitial lung disease or cardiac abnormalities, suspicion of bronchiectasis clinically, haemoptysis, antibiotic therapy received in the preceding 2 weeks, penicillin allergy or acutely unwell with fever or pneumonia.
Consent and ethics approval
Prior to enrolment, written informed consent was obtained from all parents by a nurse or doctor but not the child's treating doctor. The study was approved by the ethics committees of the Royal Children's Hospital and the University of Queensland. The study was registered with the Australian Clinical Trials Registry (ACTR) prior to commencement (ACTRN 12605000533695).
Protocol
Upon consent, enrolled children undertook the protocol (figure 1) which included a medical evaluation, including history and examination, and instructions for completion of diary cards. Children were randomised to 14 days of oral amoxycillin clavulanate suspension (400 mg/5 ml), 22.5 mg/kg/dose twice daily, or placebo at equal volumes. The placebo, specifically made for this study by IDT Australia (Boronia, Victoria, Australia) was identical in appearance and packaging to amoxycillin clavulanate. Bottles were labelled with the patient's name and dosage in millilitres for suspension based on weight. Parents were telephoned on days 7 and 14. Participants returned the bottles of medication to check compliance after day 14, which was done by a person who was not part of the study team.
Randomisation and allocation
The randomisation (blocks of 2 or 4) list was computer generated and stratified by age (<6 years and $6 years). Concealed allocation was used whereby the enrolled child was allocated to the next sequentially numbered prescription and the medications were dispensed by the pharmacy. The allocation list and trial medications were maintained by the hospital's pharmacy. Thus the parents and members of the study were blinded to the child's allocated group until data were analysed. The medication codes were revealed in February 2011.
Data collection
Standardised data collection sheets were used for all assessments. The parents completed a daily cough diary for 28 days post enrolment to document presence and severity of cough, and any adverse reactions to medications were documented. A validated cough diary using the verbal category descriptive (VCD) score 17 was used. This cough scoring system 17 was used because it has the best correlation with objective cough counts as measured by a cough meter. This involves scoring the cough as listed below for each day: 0¼no cough, 1¼cough for one or two short periods only, 2¼cough for more then two short periods, 3¼frequent coughing but does not interfere with school and other activities, 4¼frequent coughing which interferes with school and other activities, 5¼cannot perform most activities due to severe coughing.
In some children, flexible bronchoscopy was undertaken by the child's primary paediatric respiratory physician. This was not a requirement of the protocol but when planned, children received the trial medications after the bronchoscopy. When flexible bronchoscopy was undertaken, bronchoalveolar lavage (BAL) was performed as previously described, 2 in accordance with the European Respiratory Society guidelines. 18 The first aliquot was used for microbiological examination. The second and third aliquots were pooled for cytology and inflammatory markers. Significant bacterial growth was defined as growth of $10 5 cfu/ml of BAL. 19 
Outcomes
Primary outcome was 'cough resolution', defined as an improvement in baseline cough score (>75% reduction in cough score) at 'end of trial' or cessation of coughing for a minimum period of 3 days within the trial period. Baseline cough score was the average score in the 2 days immediately before trial medication commencement (days e2, e1). 'End of trial' score was the average score of the 2 days immediately following completion of 14 days of medication (days 15, 16). Secondary outcome measures were absolute change in cough score and change in VCD score over the study period.
Statistical methods
We planned for a sample size of 55e60. At 5% significance, this provides a study power of 82% with a 20e30% dropout rate to detect a difference of 60% between groups (75% improvement in antibiotic group, 30% in placebo group). Without dropouts, a sample size of 23 per group provided the same power for the same effect size. As the dropout rate was low, the study was ceased when 50 children were enrolled. Data were analysed as intention to treat. Children lost to follow-up were considered failures. Data analysis was performed using SPSS V.12. Medians and IQR were used for all descriptive data. Data that were not normally distributed were analysed using non-parametric analyses: the ManneWhitney U test was used for comparisons between the two groups. Proportions between groups were compared using c 2 . A two-tailed p value of <0.05 was considered significant.
RESULTS
Of 55 patients approached, 50 were enrolled and all received the treatment allocation (consort diagram, figure 2). Three children were lost to follow-up (unable to be contacted) but all 50 children were included in the final analyses for the primary outcome.
There was no significant difference between groups in any of the parameters of baseline characteristics (table 1) . Similar numbers of children in both study arms had a bronchoscopy immediately prior to treatment commencement (n¼19 in amoxycillin clavulanate group, n¼18 in placebo group). BAL data were consistent with PBB in the majority of children and there was no significant difference between groups for BAL total cell count, neutrophil percentage or significant bacterial growth. The BAL microbiology in the cohort identified typical respiratory pathogens including Haemophilus influenzae (n¼14, 38%), Streptococcus pneumoniae (n¼9, 24%) and Moraxella catarrhalis (n¼7, 19%). All these organisms were sensitive to amoxycillin clavulanate.
Effect of intervention
Children in the amoxycillin clavulanate group were significantly more likely to achieve cough resolution (n¼12, 48%) compared with the placebo group (n¼4, 16%) (p¼0.015), as summarised in table 2. The observed difference between proportions is 0.32 (95% CI 0.08 to 0.56), OR¼4.85, number needed to treat (NNT) for benefit at 2 weeks was 4 (95% CI 2 to 27). These children continued to remain cough free at study conclusion at 4 weeks and a further two children in the treatment group had ceased coughing (n¼14, 56%). The data show that 10 of 13 children (77%) in the treatment group who grew significant bacteria on BAL had ceased coughing on day 28.
While VCD cough scores were similar at baseline (p¼0.549), end of trial VCD scores were significantly lower (ie, better) (p¼0.02) in the amoxycillin clavulanate group compared with the placebo group, supporting the cough resolution results (figure 3). Table 2 shows the difference between end of trial and baseline cough scores was also significantly larger in the amoxycillin clavulanate group (median change 1.5) than in the placebo group (median change 0.5) (p¼0.02).
Side effects were seen in both groups with no significant difference between groups. Two patients in the placebo group and five in the amoxycillin clavulanate group had mild diarrhoea (difference in proportions of À0.12, 95% CI À0.31 to 0.07). One of these children (in the amoxycillin clavulanate group) also had vomiting and ceased the trial drug on day 3.
DISCUSSION
Our placebo RCT of 2 weeks of oral amoxycillin clavulanate for chronic wet cough in children showed that amoxycillin clavulanate will achieve cough resolution in a significant number of conducted a double-blind RCT of amoxycillin clavulanate compared with placebo. A Cochrane meta-analysis of the two studies found treatment with antibiotics reduced the proportion of patients not cured at follow-up (pooled OR 0.13, 95% CI 0.06 to 0.32) with NNT of 3 (95% CI 2 to 4). 9 While these studies supported our previous cohort observational study that described PBB, 2 both studies 10 11 were limited by not prospectively including cough quality, the lack of validated cough outcomes during their era, and absence of sputum or BAL as objective measures of inflammation and infection. Further, neither study had chronic (>4 weeks) cough as an inclusion criteria. Our RCT addressed these shortcomings using well defined parameters of chronic cough, including only children with wet cough, validated cough outcome measures 17 and using BAL measures to support clinical indices. In addition, our study has found a NNT for benefit at 2 weeks of 4, concurring with the findings of the Cochrane meta-analysis. 9 BAL data in this cohort indicate that the majority of patients had PBB, based on a history of chronic wet cough and positive BAL fluid culture. In our previous data on PBB, 2 3 43% had airway neutrophilia which is similar to the percentages of 35e39% found in this study. Organisms found in this cohort were H influenzae, S pneumoniae and M catarrhalis and are similar to previous findings 3 ; all these organisms were sensitive to amoxycillin clavulanate. These BAL results support the diagnosis of PBB. Thus our RCT results support the current international clinical guidelines which recommend antibiotic treatment as appropriate management for this condition. 5 7 8 In our analysis, a conservative approach was used, that is, children who were treated without success were considered 'treatment failures'. The explanations for this include a different primary diagnosis, different severity of disease and presence of comorbidities. The study inclusion criteria were a chronic wet/ moist cough of >3 weeks in children rather than diagnoses so many diagnostic groups may be included in the cohort as there are other causes of wet cough. Thirty-seven of the 50 children were deemed severe enough (by their clinicians) to require a bronchoscopy and hence were likely a more severe group as those with 'simple' wet cough that would have responded to antibiotics were already selected out. Indeed we found it increasingly difficult to enrol children in this study as clinicians started to use more antibiotics after our study describing PBB was published. 2 Thus it is not surprising that, of the patients in the treatment group who underwent a BAL, 68% had a significant bacterial culture, indicating those children without a significant growth had a different diagnosis to PBB. It is possible these 'treatment failures' had comorbidities that explained the lack of cough resolution within the study timeframe. Of the patients who did not have total clinical resolution, over half had either tracheomalacia, bronchomalacia or both and likely required a longer antibiotic course. We have previously shown that children with airway malacia have a higher severity of illness and slower rate of recovery. 21 Reduced cough clearance has been implicated as a potential mechanism for increased severity in malacia conditions. Despite the study being based in a tertiary centre, our findings are arguably applicable to primary healthcare. Participants within the study were seen in a tertiary setting and underwent bronchoscopy and other investigations. These investigations add weight to the study findings but are not necessary in the initial management of children. The necessary basic investigations, such as a chest radiograph and spirometry if older, can be undertaken in a primary care setting and we have previously shown their utility. 22 When these are normal (other than peribronchiolar changes in chest radiograph) and specific cough pointers 23 suggest an underlying lung disease is absent, children with chronic wet cough are likely to have endobronchial Figure 3 Median verbal category cough scores 17 prior to commencement of study medications (pre), at baseline (day e1), treatment days (days 1e14), and after completion of the study (post). Dotted line ¼ amoxycillin clavulanate group; Continuous line ¼ placebo group. RCT, randomised controlled trial.
infection consistent with PBB. We have previously shown this in two cross-sectional studies. 2 24 However, clinicians need to be cognisant that there are many other aetiologies of chronic wet cough. 6 The occurrence of pointers to specific causes of chronic cough suggest the presence of underlying respiratory pathology, and the need for further follow-up and referral to a tertiary centre should be considered as discussed in detail previously. 5 22 Clinicians should also remain mindful that children with PBB require follow-up because PBB may be the first presentation of chronic suppurative lung disease. 6 The limitations of our current study include patient selection and termination of the study before our planned sample size. Selection bias is a possible limitation but most children who were eligible to participate were approached and enrolled, making selection bias unlikely. Our study also lacked an objective cough outcome. However, the cough score we used had been previously validated (ie, compared with objectively measured cough counts) cross sectionally 17 and in relation to change. 25 Use of cough meters was not feasible as cough sensitivity cannot be validly performed in children aged <6 years. Our study would have been further strengthened by use of a cough-specific quality of life (QOL) measureda validated paediatric cough-specific QOL measure became available in 2008. A further limitation of the study design is lack of follow-up over a period of months to assess the long-term value of the 2-week antibiotic therapy. Lastly, there was a long delay between completion of the study and data analyses. This was due to personal circumstances of the primary author. As the codes were only revealed after data analyses were completed, the delay would not have compromised the study's high quality. 5 To our knowledge this is the first double-blind RCT to evaluate the use of antibiotics in moist/wet cough of > 3 weeks' duration in children. The strengths of our study include use of a validated cough score as the primary outcome, concealed allocation, high follow-up rate, and availability of BAL data that confirmed the cohort of children predominantly had PBB. We conclude that amoxycillin clavulanate is effective in achieving a reduction in symptoms and cough resolution in a significant number of children with isolated chronic wet cough. This study has provided the first high-level evidence for the inclusion of antibiotics in paediatric cough-specific guidelines as treatment for PBB and chronic moist cough.
